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ABSTRACT
We estimated the magnetic field strength at the event horizon for a sample of super-
massive black holes (SMBHs) in active galactic nuclei (AGNs). Our estimates were
made using the values of the inclination angles of the accretion disk to the line of
sight, that we obtained previously from spectropolarimetric observations in the visible
spectrum. We also used published values of full width at half maximum (FWHM) of
spectral line Hβ from broad line region, masses of SMBHs and luminosity of AGNs at
5100 angstrom. In addition we used literature data on the spins of SMBHs obtained
from their X-ray spectra. Our estimates showed that the magnetic field strength at
the event horizon of the majority of SMBHs in AGNs ranges from several to tens of
kG and have mean values of about 104G. At the same time, for individual objects, the
fields are significantly larger - of the order of hundreds kG or even 1 MG.
Key words: accretion discs - polarization - black holes - magnetic fields.
1 INTRODUCTION
According to generally accepted notions, active galactic nu-
clei (AGNs) often have a magnetized accretion disk. It is
believed that the magnetic field is formed as a result of
the interaction of the accreting matter with the rotating
SMBH (Moderski et al. 1997; Li 2002; Wang et al. 2002,
2003; Zhang et al. 2005; Ma et al. 2007). Determining the
radius dependence of the magnetic field in the accretion disk
is a rather difficult task with many parameters (see, for ex-
ample, the papers Pariev et al. (2003); Gnedin et al. (2012);
Baczko et al. (2016)). These parameters include: the mass of
the black hole MBH , the spin a (dimensionless angular mo-
mentum of rotation a = cJ/GM2BH , where J is the angular
momentum of rotation of the black hole, MBH is its mass, c
is the speed of light, G is the gravitational constant), the an-
gle i between the line of sight and the normal to the plane
of the accretion disk and the radiation efficiency ε. Here,
we estimated the magnetic field strength at the event hori-
zon of a series of SMBHs using the angles i obtained in our
previous study (Afanasiev et al. 2018), as well as published
data on X-ray spectra (Brenneman 2013; Reynolds 2014),
on the value of FWHM (full width at half amplitude) for
the spectral emission line Hβ from the broad line region
(BLR) and the luminosity values at 5100 angstroms L5100
(Vestergaard & Peterson 2006; Feng et al. 2014; Sani et al.
⋆ E-mail: mpiotrovich@mail.ru
† E-mail: mag10629@yandex.ru
2010; Sheinis & Lo´pez-Sa´nchez 2017; Decarli et al. 2011;
Grier et al. 2017; Bentz et al. 2013; Kollatschny et al. 2018;
Grupe & Nousek 2015).
2 CALCULATION METHOD
Recently there has been a discussion about problem of
discrepancies of theoretically calculated sizes of classical
thin accretion disk with the results of observations by
echo mapping and microlensing methods. Analysis of the
observational data shows that the size of the central re-
gion of accretion disk is several times bigger. This cir-
cumstance was an incentive for the development of mod-
els in which outflows/winds of the matter in the central
region of accretion disk are considered. Such models ex-
plain both SED and large sizes of accretion disk by the
selection of appropriate parameters (Laor & Davis 2014;
Slone & Netzer 2012; Edelson et al. 2015; Capellupo et al.
2016; Kokubo 2018; Sun et al. 2019). However, there is
the work Homayouni et al. (2019), in which data analy-
sis was carried out via echo mapping and they concluded
that the best fit sizes of accretion disk are consistent with
the Shakura-Sunyaev model within 1.5σ. Also, authors of
Yu et al. (2020) concluded that accretion disk sizes are con-
sistent with the theoretical predictions of the standard thin
disk model, given the effects of disk variability.
In this paper, we consider the Shakura-Sunyaev
model of the geometrically thin, optically thick disk
c© 2020 The Authors
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(Shakura & Sunyaev 1973). For disks of this type, it was as-
sumed in Moderski et al. (1997) that the magnetic pressure
Pmagn = B
2
H/8pi and the pressure of the accreting matter
Pacc = cM˙/4piR
2
H on the event horizon are equal. Here BH
is the magnetic field on the event horizon, M˙ the accretion
rate, RH = Rg(1+
√
1− a2) the radius of the event horizon,
Rg = GMBH/c
2 the gravitational radius, MBH the mass of
the black hole. We introduce the coefficient k = Pmagn/Pacc,
which lies within 0 < k 6 1. Thus, the magnetic field on the
event horizon can be expressed as:
BH = B(RH) =
√
2kM˙c
RH
, (1)
In turn, the accretion rate of M˙ can be expressed as
follows (Trakhtenbrot et al. 2017):
M˙ ≃ 2.4
(
λLλ,45
cos (i)
)3/2(
λ
5100A˚
)2
M−18 M⊙year
−1, (2)
where λ is the wavelength at which the continuum is mea-
sured, λLλ,45 ≡ λLλ/1045erg/s is the monochromatic lumi-
nosity, M8 ≡MBH/108M⊙, M⊙ is the mass of the Sun.
Taking λ = 5100A˚ and substituting (2) into (1), we
obtain:
BH =
2.04 × 105√k
(1 +
√
1− a2)(cos (i))3/4M3/28
(
L5100
1045erg/s
)3/4
G.
(3)
The paper Vestergaard & Peterson (2006) provides the
following method of determination of the mass of SMBH by
AGN spectral characteristics:
MBH
M⊙
= 106.91
(
FWHM(Hβ)
103km/s
)2(
L5100
1044erg/s
)0.5
, (4)
where FWHM(Hβ) (hereinafter simply FWHM) is the full
width at the half amplitude of the emission line Hβ.
Substituting (4) into (3) we obtain:
BH =
1.57× 106
√
k
(cos (i))3/4(1 +
√
1− a2)
(
103km/s
FWHM
)3
G. (5)
In this paper we assume that observed polarization of
AGN radiation is generated mostly due to the inclination
angle i. The parameter cos (i) (also referred to in the liter-
ature as µ) is associated with the observed polarization P
of AGN radiation. Using the Sobolev-Chandrasekhar the-
ory (Sobolev 1963; Chandrasekhar 1950), one can calculate
the degree of polarization for all cos (i) (see, for example,
Gnedin et al. (2015)). Thus, we obtain the magnetic field
strength on the event horizon BH as a function of the pa-
rameters P , k, a and FWHM .
One of the components of the unified AGN model is
relativistic jets and/or intense outflows of matter from the
surface of the accretion disk. This view is confirmed by an
ever-increasing amount of observational data. In addition to
jet emissions on a kiloparsec scale, interferometric observa-
tions with extra-long bases (VLBI) make it possible to dis-
cover and study jet-like structures on a parsec scale. To date,
evidence has been obtained for the presence of jets in almost
all classes of AGN, including those where they were not pre-
viously detected. In addition to the image itself, a powerful
indicator of the presence of a relativistic jet is strong syn-
chrotron radio emission. The intensity of the radio emission
is related to the kinetic power of the jet Lj , which should
depend on the spin of SMBH, according to modern theoreti-
cal concepts. This circumstance was used in Mikhailov et al.
(2015), where the following expression is given:
|a|√
ε(a)(1 +
√
1− a2) =
1.81η√
k
√
Lj
Lbol
, (6)
where ε is the coefficient of radiation efficiency of the ac-
cretion flux, the coefficient η equals
√
5 in the Blandford-
Znayek model (Blandford & Znajek 1977) and 1.05−0.5 in
the hybrid Meier model (Meier 1999), which combines
the mechanisms of Blandford-Znayek and Blandford-Payne
(Blandford & Payne 1982). Lj is the kinetic power of the
jet, Lbol is the bolometric luminosity. In this study we will
use the Meier model and take η = 1.05−0.5.
The objects studied in Afanasiev et al. (2018) are
mainly type I Seyfert galaxies. According to the unified
model, type I AGNs have inclination angles that do not ex-
ceed 60◦, which is in good agreement with the determination
of the inclination angles based on polarimetric observations
(Afanasiev et al. 2018). We studied the radiomorphology of
the sample based on the NVSS (Condon et al. 1998) survey
data. The results are as follows: out of 36 sources, 14 display
a radio core (in some cases there are protrusions resembling
the base of a jet discharge), 6 sources have a structure of a
radio core + one-sided emission, 1 source displays a structure
of a radio core + two-sided emission, 6 of the brightest radio
sources have a complex structure, 4 weak radio sources dis-
play a vague structure and the other 5 radio emission sources
were not found on NVSS maps. Objects of type 1 at radio
wavelength primarily demonstrate a structure of either the
type of a radio core or, in addition, a one-sided jet; out of
36 such are 26 objects (taking into account bright sources
with a complex structure, but excluding weak sources). We
also note that only one object shows the presence of two-
sided emission. Thus, the sample objects show signs of the
presence of jets, which allows us to apply to these objects
the ratio (6).
The relationship between the power of the jet and the
bolometric luminosity of the disk was studied in a number
of works (Merloni & Heinz 2007; Foschini 2011; Daly et al.
2018). As a result, empirical relationships were found with
coefficients that are consistent within the margin of error.
In particular, in Daly et al. (2018) (see the third row of Ta-
ble 2 from this work), the following empirical relation was
obtained for objects of the type under study:
log
Lj
LEdd
= (0.41 ± 0.04) log Lbol
LEdd
− (1.34± 0.14), (7)
where LEdd is the Eddington luminosity. This expression can
be converted to:
Lj
Lbol
= l
(−0.59±0.04)
E × 10(−1.34±0.14) , (8)
MNRAS 000, 1–8 (2020)
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where lE = Lbol/LEdd is the Eddington ratio. Substituting
(8) into (6) we obtain the expression for the parameter k:
k = 3.28 × 10(−1.34±0.14) η
2ε(1 +
√
1− a2)2
l
(0.59±0.04)
E a
2
. (9)
Thus, we obtain the final expression for the magnetic
field on the event horizon BH :
BH =
10(5.78±0.07)η
√
ε
l
(0.295±0.020)
E |a|(cos (i))3/4
(
103km/s
FWHM
)3
G. (10)
It should be noted that for spin values of 0.5 < a <
0.998 specific for most objects of this type, the dependence of
BH on spin is rather small (taking into account the fact that
ε also depends on spin (Bardeen et al. 1972)). In particular,
the maximum value of the magnetic field, which is achieved
at a = 0.5, is greater than the minimum at a ≈ 0.85 by
the factor of only about 1.3. Thus, even a large error in
determination of the spin will not affect the determination
of BH significantly.
To determine the Eddington ratio lE = Lbol/LEdd we
use the following expression: LEdd = 1.5 × 1038MBH/M⊙
erg/s, Lbol = L5100×BC, where BC is the bolometric correc-
tion, which we calculate using the formula (Afanasiev et al.
2018)
log(BC) = −0.54 log(MBH/M⊙) + 5.43. (11)
The radiation efficiency coefficient ε(a) is determined
by the formula (Du et al. 2014)
(cos (i))3/2lE = 0.201
(
L5100
1044erg/s
)3/2
ε(a)
M28
. (12)
In turn, the spin a is determined numerically using the
relation (Bardeen et al. 1972)
ε(a) = 1− R
3/2
ISCO − 2R1/2ISCO + |a|
R
3/4
ISCO(R
3/2
ISCO − 3R1/2ISCO + 2|a|)1/2
, (13)
where RISCO is the radius of the innermost stable circular
orbit of a black hole, which is expressed through the spin as
follows:
RISCO(a) = 3 + Z2 ± ((3− Z1)(3 + Z1 + 2Z2))1/2,
Z1 = 1 + (1− a2)1/3((1 + a)1/3 + (1− a)1/3),
Z2 = (3a
2 + Z21 )
1/2.
(14)
In the expression for RISCO(a), the sign ”-” is used for pro-
grade (a > 0), and the sign ”+” for retrograde rotation
(a < 0).
3 RESULTS OF THE CALCULATIONS
3.1 Theoretical curves
Figures 1, 2 and 3 show graphs of BH versus P for different
values of the parameters k, a and FWHM . Fig. 1 demon-
strates that the dependence of the curves on the spin is not
particularly strong, especially taking into account the fact
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Figure 1. Magnetic field B versus polarization P for different
values of spin a and fixed FWHM and k.
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Figure 2. The dependence of the magnetic field B on the polar-
ization P for different FWHM and fixed a and k.
that the polarization of the observed objects, as a rule, does
not exceed 2%, and the spin exceeds 0.5. In Fig.2 we can see
that the magnetic field strongly depends on the parameter
FWHM , and, in particular, at FHMW ≈ 104 km/s (which
is close to FWHM for some observed objects) the magnetic
field strength can reach the order of one megagauss even
with the observed polarization of about 1-2%. Fig.3 indi-
cates that the magnetic field is noticeably dependent on the
parameter k. For k = 0.1 and k = 1.0, the magnetic field
strength differs by more than 3 times.
3.2 Calculation of magnetic fields using data from
the literature
Table 1 presents the results of calculations of the massMBH ,
spin a, radiation efficiency coefficient ε, Eddington ratio
lE, parameter k and magnetic field BH at the event hori-
zon for 36 AGNs. For all this objects, the parameter i was
previously determined by us from polarimetric observations
(Afanasiev et al. 2018). The values of FWHM and L5100
were taken from Vestergaard & Peterson (2006); Feng et al.
MNRAS 000, 1–8 (2020)
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Table 1. Results of determination of the magnetic field strength on the event horizon for our objects. FWHM is expressed in km/s, BH
in gauss, i in degrees, L5100 in erg/s.
Object log
(
MBH
M⊙
)
log(L5100) FWHM i a lE ε log(k) log(BH )
PG 0003+199 7.42+0.02−0.02 43.67
2 2182 ± 532 31+4−5 0.990
+0.008
−0.024 0.308
+0.024
−0.022 0.27
+0.05
−0.06 −0.99
+0.32
−0.31 4.68
+0.17
−0.17
PG 0007+106 8.14+0.01
−0.01 44.29
2 3494 ± 356 31+5
−7 0.993
+0.005
−0.011 0.100
+0.003
−0.003 0.28
+0.04
−0.04 −0.71
+0.23
−0.23 4.21
+0.12
−0.12
PG 0026+129 8.09+0.02−0.02 44.70
2 2598 ± 572 45+4−6 0.806
+0.113
−0.175 0.311
+0.022
−0.020 0.12
+0.04
−0.03 −0.86
+0.57
−0.48 4.43
+0.29
−0.24
PG 0049+171 8.35+0.04
−0.04 44.00
1 5234 ± 2601 38+4
−5 0.998
+0.000
−0.006 0.025
+0.004
−0.003 0.32
+0.00
−0.05 −0.34
+0.17
−0.19 3.92
+0.14
−0.18
PG 0054+144 8.97+0.05−0.05 44.78
5 6830 ± 3714 43+7−9 0.996
+0.002
−0.073 0.017
+0.003
−0.002 0.30
+0.02
−0.13 −0.24
+0.41
−0.39 3.64
+0.22
−0.29
PG 0157+001 8.17+0.04−0.04 44.98
1 2431 ± 1201 39+6−7 0.756
+0.185
−0.462 0.441
+0.074
−0.061 0.11
+0.07
−0.04 −0.90
+1.34
−0.76 4.45
+0.69
−0.38
PG 0804+761 8.22+0.01−0.01 44.61
2 3190 ± 392 44+6−9 0.912
+0.057
−0.098 0.157
+0.006
−0.006 0.16
+0.05
−0.04 −0.78
+0.44
−0.39 4.25
+0.22
−0.20
PG 0844+349 7.93+0.04−0.04 44.60
3 2300 ± 1153 36+4−5 0.873
+0.102
−0.257 0.429
+0.073
−0.060 0.14
+0.08
−0.05 −1.01
+0.81
−0.63 4.50
+0.41
−0.31
PG 0921+525 7.17+0.02−0.03 43.15
2 2194 ± 642 34+4−4 0.998
+0.000
−0.008 0.230
+0.022
−0.020 0.32
+0.00
−0.06 −0.91
+0.20
−0.22 4.75
+0.13
−0.16
PG 0923+129 7.25+0.04−0.04 43.26
3 2270 ± 1103 18+6−8 0.998
+0.000
−0.005 0.220
+0.036
−0.030 0.32
+0.00
−0.04 −0.90
+0.20
−0.22 4.67
+0.15
−0.18
PG 0923+201 9.02+0.04−0.04 45.06
3 6140 ± 3003 28+6−8 0.996
+0.002
−0.041 0.027
+0.004
−0.004 0.30
+0.02
−0.11 −0.35
+0.32
−0.33 3.66
+0.17
−0.24
PG 0953+414 8.59+0.01−0.01 45.36
2 3155 ± 442 29+3−4 0.847
+0.055
−0.072 0.242
+0.011
−0.010 0.14
+0.02
−0.02 −0.84
+0.32
−0.30 4.14
+0.16
−0.15
PG 1022+519 7.12+0.01−0.01 43.72
2 1489 ± 152 41+5−7 0.888
+0.057
−0.082 1.027
+0.033
−0.031 0.15
+0.04
−0.03 −1.24
+0.40
−0.37 4.98
+0.20
−0.19
PG 1116+215 8.57+0.04−0.04 45.13
3 3530 ± 1753 34+3−4 0.907
+0.076
−0.192 0.152
+0.026
−0.021 0.16
+0.08
−0.05 −0.77
+0.69
−0.56 4.08
+0.34
−0.28
PG 1309+355 9.06+0.05
−0.06 45.08
3 6370 ± 4104 36+10
−20 0.991
+0.007
−0.137 0.024
+0.005
−0.004 0.27
+0.05
−0.14 −0.34
+0.58
−0.49 3.63
+0.30
−0.36
PG 1351+695 8.27+0.02−0.02 43.85
2 5208 ± 952 34+4−6 0.998
+0.000
−0.000 0.023
+0.001
−0.001 0.32
+0.00
−0.00 −0.32
+0.09
−0.09 3.92
+0.08
−0.09
PG 1354+213 8.63+0.04
−0.04 44.98
1 4126 ± 2001 47+6
−8 0.889
+0.099
−0.315 0.087
+0.014
−0.012 0.15
+0.11
−0.06 −0.61
+0.94
−0.66 4.01
+0.48
−0.34
PG 1425+267 9.74+0.04−0.04 45.76
1 9404 ± 4701 53+5−7 0.915
+0.079
−0.281 0.010
+0.002
−0.001 0.16
+0.13
−0.07 −0.09
+0.87
−0.62 3.25
+0.44
−0.32
PG 1434+590 8.30+0.02
−0.02 44.00
2 4937 ± 1202 38+3
−4 0.998
+0.000
−0.001 0.030
+0.002
−0.002 0.32
+0.00
−0.00 −0.38
+0.11
−0.10 3.98
+0.09
−0.10
PG 1501+106 8.53+0.04−0.04 44.28
1 5454 ± 2701 41+6−8 0.998
+0.000
−0.031 0.025
+0.004
−0.004 0.32
+0.00
−0.11 −0.34
+0.28
−0.30 3.88
+0.17
−0.25
PG 1545+210 9.32+0.04−0.04 45.43
1 7021 ± 3501 51+5−6 0.916
+0.077
−0.266 0.021
+0.004
−0.003 0.16
+0.11
−0.07 −0.27
+0.83
−0.61 3.52
+0.42
−0.31
PG 1613+658 9.18+0.03−0.03 44.70
2 9142 ± 2882 44+4−5 0.998
+0.000
−0.004 0.006
+0.001
−0.001 0.32
+0.00
−0.03 0.01
+0.12
−0.12 3.40
+0.10
−0.13
PG 1700+518 7.74+0.02−0.02 44.27
2 2230 ± 572 40+4−5 0.905
+0.061
−0.114 0.396
+0.033
−0.030 0.16
+0.05
−0.04 −1.01
+0.49
−0.43 4.58
+0.25
−0.22
PG 1704+608 9.39+0.04−0.04 45.70
1 6552 ± 3301 38+0−0 0.942
+0.047
−0.120 0.031
+0.005
−0.004 0.18
+0.08
−0.06 −0.39
+0.53
−0.45 3.51
+0.26
−0.22
PG 2112+059 8.61+0.04−0.04 45.48
9 3010 ± 1509 44+4−4 0.583
+0.278
−0.501 0.299
+0.051
−0.042 0.09
+0.05
−0.03 −0.60
+2.14
−0.83 4.31
+1.12
−0.42
PG 2130+099 7.58+0.00−0.00 44.33
2 1781 ± 56 35+4−4 0.854
+0.033
−0.046 0.817
+0.007
−0.007 0.14
+0.01
−0.01 −1.16
+0.26
−0.25 4.75
+0.13
−0.13
PG 2209+184 8.41+0.04−0.04 43.69
3 6690 ± 3303 41+5−7 0.998
+0.000
−0.000 0.010
+0.002
−0.001 0.32
+0.00
−0.00 −0.10
+0.10
−0.10 3.73
+0.14
−0.14
PG 2214+139 8.55+0.04−0.04 44.66
1 4532 ± 2261 36+5−6 0.988
+0.010
−0.074 0.055
+0.009
−0.008 0.26
+0.06
−0.10 −0.55
+0.46
−0.41 3.96
+0.23
−0.26
PG 2251+113 8.99+0.04−0.04 45.69
1 4147 ± 2071 41+5−6 0.757
+0.184
−0.443 0.124
+0.021
−0.017 0.11
+0.07
−0.04 −0.58
+1.25
−0.73 3.93
+0.65
−0.36
PG 2304+042 8.55+0.04
−0.04 43.59
3 8390 ± 4193 49+4
−5 0.998
+0.000
−0.000 0.005
+0.001
−0.001 0.32
+0.00
−0.00 0.09
+0.08
−0.09 3.58
+0.14
−0.14
PG 2308+098 9.60+0.04−0.04 45.78
1 7914 ± 3951 48+5−6 0.912
+0.079
−0.260 0.018
+0.003
−0.002 0.16
+0.11
−0.07 −0.22
+0.81
−0.60 3.37
+0.41
−0.30
Mrk 1146 7.41+0.04
−0.04 43.28
3 2700 ± 1353 44+7
−9 0.997
+0.001
−0.056 0.130
+0.022
−0.018 0.32
+0.00
−0.14 −0.75
+0.38
−0.40 4.60
+0.21
−0.30
LEDA 3095776 7.12+0.04−0.04 43.60
5 1600 ± 805 39+6−8 0.939
+0.056
−0.199 0.773
+0.132
−0.108 0.18
+0.12
−0.07 −1.21
+0.79
−0.62 4.93
+0.40
−0.32
LEDA 2325569 6.58+0.04
−0.04 42.90
5 1290 ± 645 39+6
−8 0.977
+0.021
−0.116 1.035
+0.176
−0.143 0.23
+0.09
−0.09 −1.31
+0.62
−0.53 5.21
+0.31
−0.30
3C 390.3 9.12+0.09−0.10 44.43
7 9958 ± 10468 55+3−2 0.998
+0.000
−0.102 0.004
+0.002
−0.001 0.32
+0.00
−0.17 0.11
+0.48
−0.46 3.41
+0.28
−0.37
NGC 7469 7.84+0.02−0.02 43.78
2 3296 ± 752 22+4−4 0.998
+0.000
−0.000 0.092
+0.007
−0.006 0.32
+0.00
−0.00 −0.67
+0.12
−0.12 4.30
+0.10
−0.10
Data sources: (1) Vestergaard & Peterson (2006); (2) Feng et al. (2014); (3) Sani et al. (2010);
(4) Sheinis & Lo´pez-Sa´nchez (2017); (5) Decarli et al. (2011); (6) Grier et al. (2017); (7) Bentz et al. (2013);
(8) Kollatschny et al. (2018); (9) Grupe & Nousek (2015); Data on the i from paper Afanasiev et al. (2018).
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Figure 3. Magnetic field B versus polarization P for different
values of the parameter k and fixed FWHM and a.
(2014); Sani et al. (2010); Sheinis & Lo´pez-Sa´nchez (2017);
Decarli et al. (2011); Grier et al. (2017); Bentz et al. (2013);
Kollatschny et al. (2018); Grupe & Nousek (2015). If the de-
termination errors for FWHM were not explicitly indicated,
they were accepted to be ∼ 5%.
A histogram in Fig.4 presents the number of SMBHs in
AGNs depending on the logarithm of the magnetic field (in
gauss) on their event horizon. Considered objects are shown
by sparse hatching. It can be seen that most of SMBHs have
a magnetic field on the event horizon ranging from several
to tens of kG, which is consistent with estimates made by
other authors for objects of this type (Baczko et al. 2016;
Mikhailov et al. 2015; Gnedin 2013; Pariev et al. 2003; Daly
2019).
Our results are consistent with those of a numerical sim-
ulations of geometrically thin disks with the magnetic field
(Pariev et al. 2003), where the magnetic field strength was
obtained for objects of the studied type with a character-
istic mass M ≈ 108M⊙ over a radius of R = 20Rg up to
104 − 105G, which corresponds to the fields on the event
horizon in the region of 5× 104 − 106G.
Estimates of the magnetic fields of accretion disks for
a large number of AGNs were obtained in Daly (2019). The
average value of the field in this work turned out to be
104G, which fits well with our results. In addition, the list
of objects of this work contains 9 objects from our list. For
6 of them (PG 0003+199, PG 0026+129, PG 0804+761,
PG 0844+349, PG 0953+414 and PG 2130+099) the ob-
tained magnetic field strength estimates are close within the
error range. For the remaining 3 objects (PG 1351+695,
PG 1613+658 and NGC 7469), the values of the mag-
netic field strength in Daly (2019) turned out to be 5-
10 times larger, which may be due to differences in the
method of determination of the bolometric luminosity and
masses of SMBHs. In particular, we determined the bolo-
metric luminosity through the luminosity at 5100 angstroms
(Afanasiev et al. 2018), and in the paper Daly (2019) this is
done through X-ray luminosity.
In Figs.5-8 the considered objects are shown by black
squares.
Fig.5 shows the dependence of the magnetic field
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)
Figure 4. A histogram showing the number of SMBHs in the
AGN depending on the magnetic field strength on their event
horizon. Objects from sample 1 are shown by sparse hatching,
objects from sample 2 by dense hatching.
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Figure 5. Dependence of the magnetic field strength on the event
horizon on the mass of SMBH. Black squares denote objects from
sample 1, white circles from sample 2.
strength on the event horizon on the mass of the SMBH.
The field depends on the mass inversely: log(BH) ≈ −(0.68±
0.04) log(MBH/M⊙)+(9.69±0.32), which is consistent with
the mass dependence of the Eddington magnetic field of
the accretion disk: log(BEdd) ≈ −0.5 log(MBH/M⊙) + 8.77
(Daly 2019) .
Fig.6 shows the dependence of the magnetic field
strength on the event horizon on the Eddington ratio. A
dependence of the form log(BH) ≈ (0.65 ± 0.04) log(lE) +
(4.92± 0.06) is present.
Figures 7 and 8 show, respectively, the dependences of
the magnetic field strength on the event horizon on the spin
and the coefficient of radiation efficiency of SMBH. In these
cases an explicit relationship between the parameters is not
observed.
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Figure 6. Dependence of the magnetic field strength on the event
horizon on the Eddington ratio. Black squares denote objects from
sample 1, white circles from sample 2.
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Figure 7. Dependence of the magnetic field strength on the event
horizon on the spin of SMBH. Black squares denote objects from
sample 1, white circles from sample 2.
3.3 Determination of magnetic field strength
using the data obtained from the analysis of
X-ray spectra
In Table 2, we present the results of determination of the
magnetic field strength on the event horizon for 16 AGNs
for which the spin value of the central SMBH was obtained
from their X-ray spectra (Brenneman 2013; Reynolds 2014).
The calculations are performed using the relations (6) and
(10). Inclination angle i and FWHM are taken from the
review Marin (2016).
According to Table 2, the magnetic field strength on the
event horizon ranges from 4.6 kG to 586 kG with a median
value of about 26 kG. A histogram of the distribution of the
number of SMBHs depending on the magnitude of the mag-
netic field on the event horizon calculated in the framework
of the Meier hybrid model is shown in Fig.4. The considered
objects are shown by dense hatching.
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Figure 8. Dependence of the magnetic field strength on the event
horizon on the coefficient of radiation efficiency of SMBH. Black
squares denote objects from sample 1, white circles from sample
2.
In Figs.5-8 the considered objects are shown by white
circles.
Fig.5 illustrates the dependence of the magnetic field
strength on the event horizon on the mass of the cen-
tral SMBH. Despite a rather large scatter of points and
uncertainties, an inverse relationship is traced log(BH) ≈
−(0.67 ± 0.12) log(MBH/M⊙) + (9.54 ± 0.92). Fig.6 shows
the dependence of the magnetic field strength on the event
horizon on the Eddington ratio. A dependence of the form
log(BH) ≈ (1.00 ± 0.13) log(lE) + (5.44 ± 0.14) is present.
Figures 7 and 8 do not reveal any noticeable relationship
between the magnetic field strength BH on the one hand
and the spin a and the radiation efficiency ε on the other
hand, respectively.
3.4 Comparison of the results of calculations of
the magnetic field strength in two samples
Fig.5 demonstrates the inverse relationship between the
magnetic field strength on the event horizon BH and the
mass of the central SMBH MBH . We compared the samples
considered in Section 3.2 (hereinafter referred to as sample
1) and Section 3.3 (hereinafter referred to as sample 2) for
differences in their MBH and BH . Table 3 summarizes the
basic statistical properties of these parameters for samples
1 and 2. Table 3 shows that sample 1 has, on average, a
larger mass-volume number of data than sample 2; for the
magnetic field strength the opposite is true.
Next, we examined the differences between the samples
for their statistical significance. A preliminary analysis of
the normality of the distribution of the parameters under
study using the Shapiro-Wilk test showed that the masses
of SMBHs in a logarithmic scale in samples 1 and 2 are
distributed normally. The distribution of log(BH) in both
samples does not deviate from normal. The Bartlett test
showed that samples 1 and 2 also satisfy the condition of
homogeneity of variances of the studied parameters. Thus,
the conditions for the applicability of the t-criterion are sat-
isfied. The t-test confirmed the statistical difference between
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Table 2. Results of magnetic field strength assessment on the event horizon for objects for which the spin value is determined by the
analysis of X-ray spectra.
Object log
(
MBH
M⊙
)
a FWHM lE ε log(k) log(BH )
MCG-6-30-15 6.65± 0.17 > 0.98 1990± 200 0.40± 0.13 > 0.23 −1.07+0.36
−0.32 4.74
+0.26
−0.25
Fairall 9 8.36± 0.04 0.52+0.19
−0.15 5618± 107 0.02 ± 0.003 0.08
+0.02
−0.01 0.16
+0.53
−0.51 3.89
+0.29
−0.26
SWIFT J2127.4+5654 7.18± 0.07 0.6+0.2
−0.2 2000± 100 0.18± 0.03 0.09
+0.03
−0.02 −0.49
+0.69
−0.59 4.92
+0.36
−0.32
1 H0707-495 6.60± 0.06 > 0.98 940± 47 0.59+0.090.08 > 0.23 −1.17
+0.30
−0.29 5.77
+0.20
−0.17
Mrk 79 8.10± 0.03 0.7± 0.1 4735± 44 0.03 ± 0.003 0.10+0.02
−0.03 −0.18
+0.35
−0.42 3.87
+0.15
−0.20
PG 0003+199 7.42± 0.04 0.70+0.12
−0.01 2182± 53 0.36
+0.06
−0.05 0.10
+0.02
−0.001 −0.79
+0.26
−0.38 4.83
+0.14
−0.20
NGC 3783 7.60± 0.03 > 0.98 3634± 41 0.06 ± 0.006 > 0.23 −0.57+0.25
−0.24 4.15
+0.14
−0.08
Ark 120 8.67± 0.03 0.94± 0.1 5987± 54 0.02 ± 0.002 0.18+0.14
−0.05 −0.32
+0.57
−0.49 3.74
+0.26
−0.19
3C 120 7.67± 0.03 > 0.95 2419± 29 0.31+0.04
−0.03 > 0.19 −0.99
+0.37
−0.37 4.43
+0.18
−0.11
PG 0921+525 7.17+0.04
−0.05 > 0.99 2194± 64 0.27
+0.05
−0.04 > 0.26 −0.97
+0.24
−0.23 4.70
+0.23
−0.16
RBS 1124 8.26 > 0.98 4260± 1250 0.15 > 0.23 −0.82+0.25
−0.23 4.11
+0.65
−0.52
Mrk 359 6.68± 0.06 0.66+0.30
−0.54 900± 45 0.86
+0.14
−0.11 0.10
+0.10
−0.04 −0.97
+2.07
−0.98 5.73
+1.06
−0.45
PG 1501+106 8.52± 0.06 > 0.52 5300± 265 0.03+0.008
−0.006 > 0.08 0.08
+0.71
−1.19 3.87
+0.41
−0.44
Mrk 1018 8.15 0.58+0.36
−0.74 6940± 760 0.01 0.09
+0.09
−0.04 0.27
+1.56
−0.97 3.66
+1.00
−0.56
NGC 4051 6.05+0.06
−0.07 > 0.99 1565± 80 0.32
+0.08
−0.06 > 0.26 −1.01
+0.26
−0.25 5.08
+0.18
−0.17
NGC 1365 6.60+1.40
−0.30 0.97
+0.01
−0.04 3586± 179 0.06
+0.06
−0.04 0.21
+0.02
−0.04 −0.58
+0.51
−0.41 4.40
+0.11
−0.30
Table 3. Basic statistical properties of the samples. ”mean” indi-
cates the arithmetic mean, ”median” the median value, ”sd” the
standard deviation.
Sample log
(
MBH
M⊙
)
log(BH )
mean median sd mean median sd
1 8.32 8.38 0.77 4.11 4.05 0.52
2 7.48 7.51 0.81 4.49 4.42 0.66
samples 1 and 2 at a significance level of 0.05 for both pa-
rameters: log
(
MBH
M⊙
)
and log(BH).
Note that three objects (PG 0003+199, PG 0921+525
and PG 1501+106) are included in both sample 1 and sam-
ple 2. The results of determination of the magnetic field
strength on the horizon BH given in Table 1 and Table
2 for these objects differ by less than 1.4 times and are
within the error range. The maximum difference for the ob-
ject PG 0003+199 reaches 1.4 times, while for PG 0921+525
it is 1.1 times, and for PG 1501+106 the results are almost
identical. We emphasize that in the calculations for these
objects we took the values of the spin of the central SMBH
and the inclination angle obtained by different methods. Of
course, the question remains, whether the good agreement
of the results is a coincidence and further research with a
larger number of objects is needed. However, this agreement
itself increases the significance of the results of determina-
tion of the magnetic field strength on the event horizon for
these three objects.
4 CONCLUSIONS
Estimates based on observational data in the visible and X-
ray wavelengths and on the Shakura-Sunyaev model of the
disk showed that the magnetic field strength on the event
horizon of most SMBHs in the AGNs range from several to
tens of kG, with an approximate average value of 104 G. At
the same time, for individual objects the magnetic fields are
either substantially smaller - of the order of 1 kG and less,
or appreciably higher - of the order of 1 MG.
For three objects (PG 0003+199, PG 0921+525 and
PG 1501+106), the magnetic field strength on the event
horizon was determined by two methods based on both op-
tical and X-ray observations. The obtained results are well
consistent within error limits. For six objects (PG 0003+199,
PG 0026+129, PG 0804+761, PG 0844+349, PG 0953+414
and PG 1613+658) the magnetic field strength is consistent
within the error with that determined in Daly (2019). For
the remaining objects, the statistical properties of the re-
sults are consistent with the literature data for objects of this
type (Pariev et al. 2003; Baczko et al. 2016; Mikhailov et al.
2015; Daly 2019).
When analyzing the data, we obtained the dependence
of the magnetic field strength on the mass of SMBH in the
form log(BH) ≈ −(0.68±0.04) log(MBH/M⊙)+(9.69±0.32)
and log(BH) ≈ −(0.67 ± 0.12) log(MBH/M⊙) + (9.54 ±
0.92) for sample 1 and sample 2, respectively, which is
in good agreement with the mass dependence of the Ed-
dington magnetic field of the accretion disk: log(BEdd) ≈
−0.5 log(MBH/M⊙) + 8.77 (Daly 2019). We also derived
the dependence of the magnetic field strength on the event
horizon on the Eddington ratio in the form log(BH) ≈
(0.65± 0.04) log(lE) + (4.92± 0.06) and log(BH) ≈ (1.00 ±
0.13) log(lE) + (5.44 ± 0.14) for sample 1 and sample 2, re-
spectively.
In general, the problem of determination of magnetic
field strength on the SMBH event horizon requires further
research. In particular, a method of direct determination of
the magnetic field strength at the radius of the innermost
stable circular orbit (i.e., the inner radius of the accretion
disk) from the characteristics of the radiation from this and
adjacent regions of the disk should be developed, based on
spectroscopic and, if possible, polarimetric observations in
the ultraviolet and X-ray spectral ranges. For example, one
should take into account such an effect as Faraday rotation
of polarization plane in strong magnetic field, which can
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lead to a characteristic form of the dependence of the degree
of polarization on the wavelength, or even depolarization
of radiation from inner region of the accretion disk. Such
observations may become possible with the launch of the
space observatories ”Spektr-UV”, ”Spektr-RG” and IXPE.
ACKNOWLEDGEMENTS
This research was partially supported by RAS program of
basic research. S.D. Buliga was supported by the Russian
Science Foundation (project No. 20-12-00030 ”Investigation
of geometry and kinematics of ionized gas in active galactic
nuclei by polarimetry methods”).
REFERENCES
Afanasiev V. L., Gnedin Y. N., Piotrovich M. Y., Natsvlishvili
T. M., Buliga S. D., 2018, Astronomy Letters, 44, 362
Baczko A.-K., et al., 2016, A&A, 593, A47
Bardeen J. M., Press W. H., Teukolsky S. A., 1972, ApJ, 178, 347
Bentz M. C., et al., 2013, ApJ, 767, 149
Blandford R. D., Payne D. G., 1982, MNRAS, 199, 883
Blandford R. D., Znajek R. L., 1977, MNRAS, 179, 433
Brenneman L., 2013, Acta Polytechnica, 53, 652
Capellupo D. M., Netzer H., Lira P., Trakhtenbrot B., Mej´ıa-
Restrepo J., 2016, MNRAS, 460, 212
Chandrasekhar S., 1950, Radiative transfer.. Clarendon Press,
Oxford
Condon J. J., Cotton W. D., Greisen E. W., Yin Q. F., Perley
R. A., Taylor G. B., Broderick J. J., 1998, AJ, 115, 1693
Daly R. A., 2019, preprint, (arXiv:1905.11319)
Daly R. A., Stout D. A., Mysliwiec J. N., 2018, ApJ, 863, 117
Decarli R., Dotti M., Treves A., 2011, MNRAS, 413, 39
Du P., et al., 2014, ApJ, 782, 45
Edelson R., et al., 2015, ApJ, 806, 129
Feng H., Shen Y., Li H., 2014, ApJ, 794, 77
Foschini L., 2011, Research in Astronomy and Astrophysics,
11, 1266
Gnedin Y. N., 2013, Physics Uspekhi, 56, 709
Gnedin Y. N., Buliga S. D., Silant’ev N. A., Natsvlishvili T. M.,
Piotrovich M. Y., 2012, Ap&SS, 342, 137
Gnedin Y. N., Piotrovich M. Y., Silant’ev N. A., Natsvlishvili
T. M., Buliga S. D., 2015, Astrophysics, 58, 443
Grier C. J., Pancoast A., Barth A. J., Fausnaugh M. M., Brewer
B. J., Treu T., Peterson B. M., 2017, ApJ, 849, 146
Grupe D., Nousek J. A., 2015, AJ, 149, 85
Homayouni Y., et al., 2019, ApJ, 880, 126
Kokubo M., 2018, PASJ, 70, 97
Kollatschny W., Ochmann M. W., Zetzl M., Haas M., Chelouche
D., Kaspi S., Pozo Nun˜ez F., Grupe D., 2018, A&A, 619, A168
Laor A., Davis S. W., 2014, MNRAS, 438, 3024
Li L.-X., 2002, ApJ, 567, 463
Ma R.-Y., Yuan F., Wang D.-X., 2007, ApJ, 671, 1981
Marin F., 2016, MNRAS, 460, 3679
Meier D. L., 1999, ApJ, 522, 753
Merloni A., Heinz S., 2007, MNRAS, 381, 589
Mikhailov A. G., Gnedin Y. N., Belonovsky A. V., 2015,
Astrophysics, 58, 157
Moderski R., Sikora M., Lasota J. P., 1997, in Ostrowski M.,
Sikora M., Madejski G., Begelman M., eds, Relativistic Jets
in AGNs. pp 110–116 (arXiv:astro-ph/9706263)
Pariev V. I., Blackman E. G., Boldyrev S. A., 2003, A&A,
407, 403
Reynolds C. S., 2014, Space Sci. Rev., 183, 277
Sani E., Lutz D., Risaliti G., Netzer H., Gallo L. C., Trakhtenbrot
B., Sturm E., Boller T., 2010, MNRAS, 403, 1246
Shakura N. I., Sunyaev R. A., 1973, A&A, 24, 337
Sheinis A. I., Lo´pez-Sa´nchez A´. R., 2017, AJ, 153, 55
Slone O., Netzer H., 2012, MNRAS, 426, 656
Sobolev V. V., 1963, A treatise on radiative transfer.. Van Nos-
trand, Princeton, N.J.
Sun M., Xue Y., Trump J. R., Gu W.-M., 2019, MNRAS,
482, 2788
Trakhtenbrot B., Volonteri M., Natarajan P., 2017, ApJ, 836, L1
Vestergaard M., Peterson B. M., 2006, ApJ, 641, 689
Wang D. X., Xiao K., Lei W. H., 2002, MNRAS, 335, 655
Wang D.-X., Ma R.-Y., Lei W.-H., Yao G.-Z., 2003, ApJ, 595, 109
Yu Z., et al., 2020, ApJS, 246, 16
Zhang W.-M., Lu Y., Zhang S.-N., 2005, Chinese Journal of As-
tronomy and Astrophysics Supplement, 5, 347
This paper has been typeset from a TEX/LATEX file prepared by
the author.
MNRAS 000, 1–8 (2020)
